Summary
A 16-year-old boy developed an immune complex illness associated with lung haemorrhage, proliferative nephritis with crescents and renal failure. Treatment with plasma exchange, haemodialysis and immunosuppressive drugs resulted in a rapid reduction in levels of immune complexes and other mediators of inflammation and was associated with good recovery of renal and lung function. Subsequently, deterioration in renal function occurred whilst the patient was on treatment with prednisolone alone but this was reversed with a short course of plasma exchange and the addition of azathioprine. No further deterioration in renal or lung function has been observed during 18 months treatment with azathioprine and prednisolone.
Introduction
Haemoptysis is uncommon in renal failure; once fluid overload and pulmonary infection have been excluded the most likely cause is antiglomerular basement membrane (anti-GBM) disease with an associated proliferative nephritis with crescents (Schwartz et al., 1977) . It is this condition that is now known as Goodpasture's syndrome whereas before the introduction of immunological studies this eponym was applied to all cases of lung haemorrhage and nephritis (Martinez and Kohler, 1971) . More rarely the association of pulmonary and renal disease occurs in so-called connective tissue diseases. There are well documented cases complicating systemic lupus erythematosus (Eagen et al., 1978 ), Wegener's granulomatosis (Fauci and Wolff, 1973; Lockwood et al., 1977) , essential cryoglobulinaemia (Martinez and Kohler, 1971 ) and possibly polyarteritis nodosa (Rose and Spencer, 1957) , whilst some cases defy simple classification (Loughlin et al., 1978; Clinicopathological Conference, 1973) . Deposition of immune complexes is thought to play a major role in the pathogenesis of these conditions.
Before long-term dialysis became widely available, only about 10%o of patients with lung haemorrhage complicating nephritis survived (Duncan et al., 1965) . With various combinations of immunosuppressive drug treatment, bilateral nephrectomy, longterm dialysis and renal transplantation, Wilson and Dixon (1973) reported long-term survival in 15 of 32 patients with Goodpasture's syndrome, although only four of them survived without permanent renal replacement therapy. However, since the introduction of combined plasma exchange and immunosuppressive drug treatment, the morbidity and mortality of patients with anti-GBM disease has fallen even further (Kincaid-Smith and d'Apice, 1978) , with claims for the effectiveness of this treatment in controlling lung haemorrhage which is the major cause of death (Lockwood, 1981) .
Early plasma exchange should also be effective in patients with lung haemorrhage and nephritis not due to anti-GBM disease as it enables rapid removal of immune complexes and other mediators of inflammation, such as fibrinogen and complement, whilst the more delayed effects of immunosuppressive drug therapy are developing. We report such a patient, in whom early plasma exchange and immunosuppressive treatment led to a brisk fall in serum immune complexes, fibrinogen and complement, which was associated with a dramatic improvement in renal and lung function. All symptoms and abnormal physical signs resolved whilst the patient was on immunosuppressive treatment. The prednisolone dose was tapered to zero over a period of 8 weeks at which time cyclophosphamide was stopped. He remained well for the next 2 months although moderate hypertension developed requiring treatment with a thiazide and beta-blocker. He was then readmitted with a brief history of polyarthralgia and recurrent episcleritis. Investigations showed no change except that the rheumatoid factor was again detectable in the serum with the S.C.A.T. positive 1:64 and latex test positive 1: 80. A repeat renal biopsy showed scarring but no evidence of active inflammation (abnormalities ofurine analysis had persisted throughout).
Prednisolone in a dose of40 mg/day was re-started with improvement in his symptoms but over the next 2 weeks there was a rapid deterioration in renal function with creatinine clearance falling from 87 to 31 ml/min and plasma creatinine rising from 119 to 324 Amol/litre. Blood pressure was well controlled during this period and there were no significant symptoms or signs. Investigations showed no evidence of further intra-aeveolar haemorrhage but the S.C.A.T. was now 1:256 and the latex test > 1:320 and immune complexes were again detected (poly-ethylene glycol gelation). A further four plasma exchanges and the addition of azathioprine (100 mg/day) to the steroid treatment were followed by steady improvement in renal function. Eighteen months later he remains well on a small maintenance dose of azathioprine and prednisolone and with a creatinine clearance of 64 ml/min. Abnormalities of urinalysis persist and hypertension is controlled on triple therapy.
Discussion
This case was unusual in that disease activity was associated with the presence of circulating immune complexes and rheumatoid factor in the blood and the renal biopsy specimens suggested that deposition of immune complexes was the cause of the crescentic nephritis. The biopsy immunofluorescent patterns, as well as the negative tests for circulating anti-GBM antibody excluded the diagnosis of Goodpasture's syndrome, but lung haemorrhage at the time of the first admission was suggested by the history of increasing dyspnoea, the precipitous fall in the haemoglobin and the chest X-ray appearances. The abnormalities in KCO confirmed this suspicion (Ewan et al., 1976) . Subsequently, immunological tests made the diagnoses of systemic lupus erythematosus and essential cryoglobulinaemia untenable and although a vasculitis was suspected, no evidence of arteritis or granuloma formation was found in the renal biopsy specimens.
Plasma exchange has been combined with immunosuppressive drug therapy in the treatment of anti-GBM disease as a means of rapidly removing the probably toxic agent (anti-GBM antibody) as well as other mediators of inflammation such as fibrinogen and complement (Lockwood et al., 1976) . This regime is now established as the treatment of choice for Goodpasture's syndrome but the results of its use in rapidly progressive crescentic nephritis from other causes have been less decisive (Kincaid-Smith and d'Apice 1978). Immune complexes are frequently found in this heterogenous group of disorders and are thought to play a major role in their pathogenesis: the experimental production of immune complexes has been associated with the development of both glomerulonephritis (Fish and Michael, 1979) and lung haemorrhage (Brentjens et al., 1974) . Plasma exchange leads to more rapid reduction in circulating immune complexes than conventional immunosuppressive therapy (Lockwood et al., 1979) and its early use in our case seemed justified as fulminating lung haemorrhage threatened immediate survival. The treatment rapidly reduced levels of immune complexes, complement, rheumatoid factor and fibrinogen. Steroid given by itself did not prevent rapid deterioration in renal function during the second admission but the combination of steroid, plasma exchange and cyclophosphamide or azathioprine produced dramatic clinical and functional improvement during initial illness and relapse.
Reports of collected series suggest that the prognosis for the renal recovery in patients with Goodpasture's syndrome is related to the degree of renal impairment at the start of treatment (Lockwood, 1981) . The corollary is that time-consuming tests may adversely affect outcome.
Unfortunately, early renal biopsy inevitably delays treatment with plasma exchange because of the risk of haemorrhage. We suggest that early treatment with plasma exchange, steroid and immunosuppressive agents should not be withheld pending detailed histological and immunological investigations in patients with lung haemorrhage and acute nephritis.
